Abstract Infective spondylitis occurring concomitantly with mycotic aneurysm is rare. A retrospective record review was conducted in all cases of mycotic aneurysm from January 1995 to December 2004, occurring in a primary care and tertiary referral center. Spontaneous infective spondylitis and mycotic aneurysm were found in six cases (10.3% of 58 mycotic aneurysm patients). Neurological deficit (50% vs. 0; P \ 0.001) is the significant clinical manifestation in patients with spontaneous infective spondylitis and mycotic aneurysm. The presence of psoas abscess on computed tomography (83.3% vs. 0; P \ 0.001) and endplate destruction on radiography (50% vs. 0; P \ 0.001) are predominated in patients with spontaneous infective spondylitis and mycotic aneurysm. Of these six patients, four with Salmonella infection received surgical intervention and all survived. Another two patients (one with Streptococcus pyogenes, another with Staphylococcus aureus) received conservative therapy and subsequently died from rupture of aneurysm or septic shock. Paravertebral soft tissue swelling, presence of psoas abscess and/or unclear soft tissue plane between the aorta and vertebral body in relation to mycotic aneurysm may indicate a concomitant infection in the spine. In contrast, if prevertebral mass is found in the survey of spine infection, coexisting mycotic aneurysm should be considered.
Introduction
Infective spondylitis occurring with mycotic aneurysm are rare clinical entities and difficult to diagnose [7] . The initial presentations are non-specific (such as fever, chills, and back pain), thus the diagnosis of either spinal infection or mycotic aneurysm may be delayed and thereby resulting in hazardous complications or mortality [15] .
Successful non-surgical treatment for mycotic aneurysm or spondylitis has been reported [1, 7, 11, 12] . However, the mortality rate of mycotic aneurysm with medical therapy alone has been high [11] . There is scanty treatment experience with regards to coexisting spondylitis and mycotic aneurysm [6, 7, 10, 13] . To assess the incidence and identify risk factors of coexisting infective spondylitis in patients with mycotic aneurysm, we conducted a retrospective study of patients with mycotic aneurysm at a medical center in Taiwan. The clinical characteristics, diagnostic image studies, and treatment outcomes of patients with spontaneous infective spondylitis and mycotic aneurysm were emphasized to clarify the treatment strategy.
Materials and methods
All patients hospitalized between January 1, 1995 and December 31, 2004 with a discharge diagnosis of mycotic aneurysm retrieved from the records of the Medical Coding Section of Chang Gung Memorial Hospital-Kaohsiung, a 2,500-bed facility serving as a primary care and tertiary referral center in Taiwan, were included in a compiled list of patients, and were subject to medical chart review. The diagnosis of mycotic aneurysm required meeting at least one of the following criteria: (1) in patients receiving surgical management, pus was macroscopically found in the aneurysm during operation; (2) aspirate or dissected tissue specimen of arterial wall or periaortic soft tissue with histopathologically confirmed purulent inflammation; and (3) in the presence of compatible clinical manifestations and finding on computed tomography (CT) or magnetic resonance imaging (MRI), the patients' condition improved after medical treatment in cases without surgical intervention. Medical treatment was regarded as appropriate if the pathogen isolated from the abscess or blood was susceptible in vitro to the prescribed antibiotics. Demographics, clinical and laboratory characteristics, including sex, age, and clinical symptoms, underlying conditions, isolated organisms, and treatment modalities with outcome were collected. Patients were classified into mycotic aneurysm with or without spontaneous infective spondylitis. Variables from different groups were compared with each other. Mann-Whitney U test was used to assess the differences in continuous variables, while chi-square test or Fisher's exact test was used to assess dichromatic variables between the two groups. A two-tailed P B 0.05 was considered to be statistically significant.
We further focus on patients with coexisting mycotic aneurysm and infective spondylitis. Imaging studies, including radiography, CT, or MRI for the spine or aorta in these patients were analyzed. Functional outcomes of these patients were evaluated by the muscle strength of the lower legs, bladder/bowel function, and daily living activity, at a minimum of 2 years of follow-up.
Results
A total of 58 patients suffered from mycotic aneurysm were included during this period. There were 51 (87.9%) men and 7 (12.1%) women, with a mean age of 68.7 ± 8.2 years. Fifty (86.2%) patients were found to have underlying disease(s), and among the included patients, the leading underlying diseases were diabetes mellitus (36.2%), as well as renal disease and immunosuppressive agent user (each 31.0%). A variety of symptoms/signs were found in these patients, and the two leading ones were localized back pain in vicinity of the mycotic aneurysms (75.9%) and fever (68.9%). All 58 patients received appropriate medical treatment. Six (10.3%) mycotic aneurysm patients had coexisting infective spondylitis. No significant differences in demographics, underlying conditions, laboratory data, surgical intervention and in-hospital mortality between these two groups are found (Table 1) . Only neurological deficit (lower limb weakness in two and paraplegia in one) is noted predominately in patients with spontaneous infective spondylitis and mycotic aneurysm (50% vs. 0; P \ 0.001). In view of isolated organisms, Salmonella spp. are the most common pathogen in mycotic aneurysm with or without infective spondylitis ( Table 2 ). Focus on the image feature for the clue of diagnosis of spontaneous infective spondylitis and mycotic aneurysm, psoas abscess on CT (83.3% vs. 0; P \ 0.001) and endplate destruction on radiography (50% vs. 0; P \ 0.001) are predominated ( Table 2) . The clinical details, image studies, surgical methods and outcome of these six patients with spontaneous infective spondylitis and mycotic aneurysm are summarized in Table 3 . The involved vertebral levels were L3-5 in four patients; T12-L1 and T6-8 was in each one. Imaging study of CT or MRI revealed psoas abscess or paravertebral mass in all six patients, although radiography of the spine showed no bony lesion in a half of patients. For example, Fig. 1 shows infra-renal mycotic aneurysm with unclear soft tissue plane between aorta and L4 vertebra and bilateral paravertebral soft tissue swelling in Case 4. Conversely, a mycotic aneurysm which presented as a prevertebral mass was incidentally discovered in Case 1 while surveying for spine infection (Fig. 2) . In terms of culprit, all six patients suffered from bacteremia (four Salmonella spp., one Streptococcus pyogenes and one Staphylococcus aureus), and tissue culture was positive in three patients (two Salmonella spp., and one Mycobacterium tuberculosis). Among these six patients, two did not receive surgical interventions because their unstable clinical conditions or the complexity of the mycotic aneurysm made surgery risky or non-feasible. They died of septic shock related to delayed diagnosis and high level lesion involved or aneurysm rupture separately. The choice of surgical procedures to achieve infection control depended on the patient's general condition and consecutive imaging studies. On the basis of the preoperative impression of a retained mycotic aneurysm adhering to spondylitis in imaging studies, a surgical intervention with anterior approach for aneurysm resection, debridement, sequestrectomy, and interbody fusion of infected spine was performed to avoid massive bleeding during the initial management of vertebral damage (Case 1). He received posterior instrumented fusion later on and got satisfactory outcome. Conversely, when the patient underwent aneurysm resection, aggressive debridement of the tissue neighboring an aortic lesion would be performed (Cases 2, 3 and 4), although no vertebral bone destruction was seen in the initial images. The aortic bypass graft along with debridement of the paraaortic area was carried out without spinal fusion. A small piece of chipped bone in the footprint hole of the vertebral body was found and curetted during resection of the aortic aneurysmal wall. Case 2 patient experienced a smooth postoperative course. However, Case 4 patient underwent similar procedures but he suffered from persistent back pain, claudication, and focal kyphosis due to endplate erosion and collapse later. This experience of Case 4 patient emphasizes that further spinal intervention for stenosis and deformity should be undertaken after infection control. As we mentioned recently [3] , Case 3 patient underwent aortic reconstruction of mycotic aneurysm, debridement of psoas abscess, and antibiotic therapy for Salmonella enteritidis bacteremia. However, he experienced persistent back pain, and decreased grade 3/5 muscle strength of the lower legs postoperatively. The follow-up MRI scan showed progression of L3-4 spondylitis and anterior columnar collapse. Eventually, he underwent sequestrectomy of L3-4, anterior interbody fusion and subsequently posterior instrumented fusion. The spinal tissue culture yielded Mycobacterium tuberculosis. Under this circumstance, the possibility of different etiologies should be considered especially in vulnerable patients with a poor clinical response to appropriate antimicrobial therapy.
Discussion
The clinical non-specificity of mycotic aneurysm or infective spondylitis makes diagnosis in the affected patients challenging. Although neurological deficit was statistically significant in patients with spontaneous infective spondylitis with mycotic aneurysm, this unique clinical characteristic always was noted in late stages of infective spondylitis [14] . Clinicians should keep in mind and not forget this rare clinical entity. The peculiar findings of image study in our report might be helpful for early diagnosis of coexisting infective spondylitis in patients with mycotic aneurysm. Salmonella spp., the most common pathogen in mycotic aneurysm with or without infective spondylitis, contributes to exhibit a tendency to cause blood-borne infection in previously damaged arteries and invade the neighboring spine [4, 7, 11] . The primary site of infection in these patients with concurrent spondylitis and mycotic aneurysm may be either the aorta or the spine, with subsequent involvement of adjacent tissues. Once the process begins in the aorta, the infection can attach to the ulcerated artherosclerotic plaques, then deposit thrombi, or by contiguous spread from a retroperitoneal abscess. The vasa vasorum of the arterial wall will be destroyed, followed by contained rupture with repeated hemorrhage, increasing pressure and occlusion of lumbar arteries, which cause damage to the vertebrae [12] . Once the process develops in the spine, exudates that accumulate in the vertebral body can contaminate the intervertebral disc, destroy the endplate, encroach on the spinal canal, and spread through the anterior longitudinal ligament to involve adjacent tissues and result in psoas or paravertebral mass. Although MRI scan is the most sensitive, specific and accurate imaging tool for a prompt detection of infective spondylitis, bone or disc destruction and abscess formation may be obscured in the early stages of infection [2] . It might not easily distinguish prevertebral mass from pseudoaneurysm, which is secondary to rupture of the mycotic aneurysm [6, 13] . Enhanced CT for mycotic aneurysm can reveal prevertebral soft tissue involvement as periaortic fluid, gas, or hematomas, and abnormalities of saccular aneurysm with initial disruption and/or an unusual luminal shape. The presence of psoas abscess, paravertebral mass or unclear soft tissue plane between the aorta and vertebral body might suggest that spine is infected [8] . As the above results, spine MRI study should be performed in all mycotic aneurysm cases of suspected paravertebral infection. However, the extent of related bony destruction is better defined on CT images than on MRI, and only resorting to complete image studies can help surgeons to perform adequate debridement and reconstruction. Conversely, acknowledgment of the contained aortic aneurysm with enhanced CT study may help surgeons to avoid lifethreatening hemorrhage during spinal operation.
Surgical treatment of pyogenic spondylitis is indicated when there is an evidence of osseous involvement, neurological deficits, and clinical unresponsiveness to antibiotics, refractory infection, or failure of biopsy to provide a firm diagnosis [5, 14] . There were no reports on surgical treatment guideline for coexisting infective spondylitis and mycotic aneurysm. In our study, patients who did not receive surgery died from uncontrolled sepsis or rupture of aneurysm. Whatever, Müller et al. [9] even described successful surgical treatment for mycotic aneurysm, resulting in poor clinical outcome because of the weakened health status of these vulnerable patients. Eradication of the infectious sources is the only way to successfully treat patients with concomitant infective spondylitis and mycotic aneurysm. Favorable results in the management of infective spondylitis and mycotic aneurysm are achieved with a circumscribed resection of the aorta, removal of all infected tissue including the bony lesion, replacement of a prosthetic interposition graft, and establishment of the spinal columns. It emphasized in selective reconstruction that both vascular and orthopedic surgeon should be available in the operation room to complete removal of aneurysm, vertebral debridement and reconstruction in one stage of infection eradication. In our experience, aggressive debridement of the vertebral body should be performed to obtain the pathogen if any evidence of vertebral invasion. If the spinal infection results in osseous instability, the addition of anterior interbody fusion is required. The decompression and posterior instrumented fusion were suggested as a staged procedure to achieve a better osseous stability after the infection had been controlled.
Conclusions
Spontaneous infective spondylitis and mycotic aneurysm is rare, easily overlooked and potentially fatal. Paravertebral soft tissue swelling, presence of psoas abscess and/or unclear soft tissue plane between the aorta and vertebral body in relation to mycotic aneurysm may indicate a concomitant infection in the spine. Aggressive surgical debridement and curettage of bone lesions are needed, although there may be normal findings in the initial spinal radiographs. If prevertebral mass was discovered on survey for spine infection, coexisting mycotic aneurysm should be considered to avoid massive bleeding during the management of vertebral destruction.
